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ACH YEAR over 13 million Americans re-
ceive chest X-ray examinations in a search

for undetected tuberculosis. Implicit in the
conduct of chest X-ray programs is the assump-
tion that if tuberculosis were not so detected
many cases would go on to a symptomatic and
more advanced stage and diagnosis would be
made at a time when a cure would be more diffi-
cult. No one has ever been able actually to
test this assumption since no one knows what
would have happened to a case if it had not been
discovered by a survey.
In other words, there have been no controls.

In this instance, controls would be a group of
randomly selected persons participating in an
X-ray program whose X-rays are positive for
tuberculosis but who are not advised of the re-
sults of their X-rays and are allowed to go on
their way, to be discovered by some other de-
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vice-or possibly n-ever to be detected. Siiice
an intentional experiment of this nature is not
acceptable within the framework of a tubercu-
losis control operation, we must seek otlher
nmethods for evaluating the detection of tuber-
culosis by X-ray programs.
Although we cannot know with certainty

what would have happened to survey-dis-
covered tuberculosis cases if they had not been
so discovered, we can readily study the outcome
of cases detected by other means. A compari-
son of the course of disease in the two groups of
cases is probably the most practical method of
estimating the extent to which tuberculosis cases
are benefited by discovery through clhest X-ray
surveys.
The present study is a report on tlle findings

in a 4-year followup of cases of active tubercu-
losis discovered by a communitywide X-ray
survey in Minneapolis, Minn., in 1947 (May 5-
August 25) compared with the findings in a 4-
year followup of active cases found in the same
area by other means. Each case in both groups
was followed for 4 years, or until death, or until
lost to the study. In this study, an "active"
case was defined as one having positive bacterial
findings or X-ray changes characteristic of ac-
tive tuberculosis. The data used were obtained
from the files of the Minneapolis City Health
Department.
The Minneapolis survey was one of the first

communitywide chest X-ray surveys conducted
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in this country in a city of ml-ore than 100,000
population. Some of the results lhave already
been reported (1-3). A total of 301,513 satis-
factory examinations were made during a 31/2-
montlh period, 261,000 (estimated on the basis
of a 10-percent sample of the survey records) onl
residents of the city of Minneapolis.

The Survey Group

Witlhin a year after the close of the survey,
233 resident cases of active pulmonary tubercu-
losis lhad been identified as a result of the fol-
lowup of patients with suspicious X-rays.
However, 98 of these were excluded from the
study for the following reasons: known as tu-
berculosis cases prior to the study, 34; initially
diagnosed as hlaving inactive tuberculosis, 59
(altlhough later diagnosed as active, it was felt
that follow-up results oni these cases should not
be compared witli results on the nonsurvey
cases, all of which were initially reported as
active) ; identified as suspects by the X-ray pro-
gram but not diagnosed until they died of tuber-
culosis, 2; eventually diagnosed as not having
tuberculosis, 3. There were, then, 135 resident
cases of pulmonary tuberculosis discovered in
an active stage as a direct result of the com-
munitywide chest X-ray survey.

The Nonsurvey Group

Cases discovered by means otlher than X-rav
surveys included all resident active cases of
tuberculosis reported to the Minneapolis City

Health Department during the first 6 months
of 1947. It would have been desirable for both
groups of cases to have been reported during
the same period, so that each group would have
hlad the same advantages in terms of current
techniques of treatment and followup proce-
dures. However, it was felt that nonsurvey
cases reported during the time of the survey
might not be typical of nonsurvey cases usually
reported, because a number of the survey cases
would have been reported as the result of other
case-finding procedures during or shortly after
the survey had the survey not been conducted.
A study of cases reported during the first 6
months of 1947 appeared to be the best com-
promise.
A total of 188 resident cases of active pul-

monary tuberculosis was reported to the Min-
neapolis City Health Department during this
6-month period. In selecting a group from
among these cases from which implications
might be drawn as to what might have hap-
pened to survey cases had they not been de-
tected in the survey, a number of eliminations
had to be made.

Ideally, this group should consist of cases of
tuberculosis that could have been discovered by
a communitywide X-ray survey but were not
because there was no survey activity, and thus
they progressed to the point where they were
found by other methods. Fifty-four cases were
excluded from the study. Four were under 15
years of age, and the X-ray survey was re-
stricted to persons 15 years of age and over; 5
were inmates of the State mental institution,

Table 1. Age and sex distribution of survey and nonsurvey cases

Age at time of report
(in years)

Total

15-34--

35-54-
55-74-
75'and over
Unknown age

Survey Nonsurvey

Total Male Female Total Male Female

Num-
ber

135

31
50
50
4
0

Per-
cent

100. 0

23. 0
37. 0
37. 0
3.0

Num-!I Per-
ber cent

90 100. 0

16 117. 8
36 40. 0
34137.8
41 4.4
O

Num-
ber

Per-
cent

45 1100.0

15
14
16
0
0

33. 3
31. 1
35. 6

Num- Per-
ber cent

134 1100. 0

43
37
42
9
31

32. 1
27. 6
31. 4
6. 7
2. 2

Num-
ber

Per-
cent

87 1100. 0

19
27
32
7
2

21. 8
31. 0
36. 8
8. 1
2. 3

Num-
ber

47

24
10
10
2
1

Per-
cent

100. 0

51. 1
21. 3
21. 3
4. 2
2. 1
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and the survey was not directed toward that
group; 6 were eventually diagnosed as non-
tuberctulous; 22 had been previously known as
tuberculosis cases; and 17 were not reported
until death. Althouglh many of these 17 cases
probably could have been discovered by an
X-ray survey, they did not lend themselves to
the type of analysis which follows. Their ex-
clusion tends to minimize differences in the out-
come of tuberculosis between the survey and the
nonsurvey cases.
There remained, then, 134 resident active pul-

monary cases of tuberculosis discovered by pro-
cedures other than the communitywide chest
X-ray survey for comparison with 135 resi-
dent active pulmonary cases of tuberculosis dis-
covered as a result of the survey.

Age and Sex Distribution

The age and sex distributions of the two
groups of cases are shown in table 1. Males
made up about two-thirds of each group. More
nonsurvey than survey cases fell into the 15 to 34
and the 75-and-over age groups. The mean
ages of males and females in the two groups
were similar, however. In the survey group, the
mean age of males was 50.9 years and in the
nonisurvey group, 50.6 years, whereas the mean
age for females was 44.4 years for the survey
group and 39.5 years for the nonsurvey group.
If there are large differences in the outcome
of tuberculosis in these two groups of cases,
they are probably not due to differences in age
and sex composition.

Bacteriological Status

Ninety-two (68 percent) of the 135 survey
cases had a positive bacteriological examination
reported to the health department within 3
months of the case report compared with only
72 (54 percent) of the 134 nonsurvey cases.
Apparenitly, the search for tubercle bacilli
among survey cases was somewhat more thor-
ough than among nonsurvey cases since 19 of
the positive reports for survey cases were based
ulpoIn examiiiatioii of gastric contenits compared
with only 9 of the positive reports among nion-
survey cases. This may partly account for the
fewer positive reports among the nonsurvey

group, and it seems likely that the two groups
of cases were comparable in terms of their clin-
ical significance.

Stage of Disease

Shown in table 2 is the stage of disease of
these two groups of cases at the time they were
first reported. Of the survey cases, 37.0 per-
cent were reported as minimal; only 21.7 per-
cent of the nonsurvey cases were so reported.
Conversely, only 15.6 percent of the survey cases
were reported in the far advanced stage com-
pared with 32.8 percent of the nionsurvey cases.
This suggests that survey cases were discovered
in a considerably earlier stage than they would
have been had the chest X-ray survey not been
conducted.

Table 2. Stage of disease at time of report

Survey Nonsurvey
cases cases

Stage of disease _
Num- Per- Num- Per-
ber cent ber cent

Total -135 100. 0 134 100. 0

Minimal -50 37. 0 29 21. 7
Moderately advanced ---- 64 47. 4 61 45. 5
Far advanced- 21 15. 6 44 32. 8

Status at End of Followup

There was little apparent difference between
the survey and nonsurvey cases in terms of the
proportion discharged from health department
supervision during the followup period and the
reasons for discharge. Some of the cases in
both groups were actively followed by the health
department for the entire 4-year period or until
death; others were discharged during the fol-
lowup period because they became arrested,
moved, were lost, or were considered uncoopera-
tive. Of the 135 survey cases, 11 were dis-
charged because they became arrested compared
with 9 of the 134 nonsurvey cases; 27 survey
cases were discharged because they moved, were
lost, or were considered uncooperative; 33 non-
survey cases were so disclharged.
Shown in table 3 is the status, according to

health department records, of the 97 survey and
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Table 3. Status of cases followed by health de-
partment on the fourth anniversary of the first
report

Survey Nonsurvey

Status
Num- Per- Num- Per-
ber cent ber cent

Total cases fol-
lowed- 97 100. 0 92 100. 0

Dead -13 13. 4 42 45. 7
In sanatoriums 16 16. 5 11 11. 9
At home with active

tuberculosis -11 11. 3 9 9. 8
At home with inactive

tuberculosis-57 58. 7 30 32. 6

92 nonisurvey cases actively followed by the
lhealtlh department during the entire 4-year pe-
riod or until death, on the fourth anniversary of
their being reported. Forty-five percent of the
noinsurvey cases were dead, compared witlh only
13 percent of the survey cases. On the other
-hand, a larger proportion of survey than of

nonsurvey cases were at home with inactive
tuberculosis at the end of the study period, and
a slightly larger proportion were in sanatoriums
or at home with active tuberculosis at that time.

Probability of Death

The most completely recorded events in the
files of the Minneapolis City Health Depart-
ment during the 4-year followup period were
deaths and periods of hospitalization. A life-
table method has been used in analyzinig mor-
tality data, with the results shown in table 4.
Cases withdrawn from observation are those
who died or were discharged from health de-
partment supervision. Deaths refer to deaths
from all causes. The cumulative probability of
death for survey and nonsurvey cases is com-
puted for the eight 6-month followup periods
(probabilities are shown as percentages), show-
ing total cases, and, separately, cases moderately
advanced and far advanced at the time of dis-
covery. (There were too few deaths among
minimal cases for the computation of rates.)

Figure 1. Probability of death for total survey and nonsurvey cases, cumulated in successive 6-
month intervals.
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Table 4. Probability of surviving and of dying for patients with active tuberculosis, by stage of
disease at time of first report and by method of discovery, for 8 consecutive 6-month periods
of observation

Stage of disease

All stages (including
minimal)-

Moderately advanced----

Far advanced _-__

6-
mont
perioc

t
I
I

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8

1
2
3
4
5
*6
7
8

N A

Number at be-
ginning of period

lx

Survey 1Nonsurvey
135
129
122
120
116
112
104
101

64
62
57
57
55
54
52
52

21
19
19
18
17
15
14
14

134
102
94
86
75
68
66
62

61
51
47
45
39
37
35
35

44
27
23
19
18
14
14
12

Number with-
drawn liviing
during period

I1vx

Numlber dying
during period

dl!

Average numaber
at risk

l,.-} }IVz

Survey |\Nonsurvey Survey !Nonsurvey Survey iNonsurvey

2
4
1
2
3
7
3
16

1
2

1
2

6

10
1
6
7
4
1
3

10

5
1
1
3
1
1

6

1

3

2

2

4
3
1
2
1
1

1
3

2

1
1
1

22
7
2
4
3
1
1
2

5
3
1
3
1
1

1

16
4
1
1
2

1

134. 0
126. 0
121. 5
119. 0
114. 5
108. 5
102. 5
93. 0

63. 5
61. 0
57. 0
56. 5
54. 5
53. 0
52. 0
49. 0

21. 0
19. 0
19. 0
18. 0
16. 5
15. 0
14. 0
14. 0

129. 0
101. 5
91. 0
82. 5
73. 0
67. 5
64. 5
57. 0

58. 5
50. 5
46. 5
43. 5
38. 5
36. 5
35. 0
32. 0

43. 5
27. 0
21. 5
19. 0
17. 0
14. 0
13. 0
12. 0

Percentage sur- cnaedii
Percentage dying Percentage surviv- viving through Percentage dying

6- in given period ing in given period preceding and in pr ceding and
Stage of disease month current period current period

period 100 q_ 100 Px 100 hp. 100 hq_

Survey Nonsurvey Survey Nonsurvey Survey Nonsurvey Survey Nonsurvey

All stages (including
minimal) _- ---

Moderately advanced-

Far advanced -

I
I

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8

3.0
2.4
.8

1. 7
.9
.9

1. 1

1. 6
4. 9

1. 8

9. 5

5. 3
5. 6
6. 1
6. 7

7.1 8.3

17. 1
6. 9
2. 2
4. 8
4. 1
1.5
1. 6
3. 5

8. 5
5. 9
2. 2
6. 9
2. 6
2. 7

3. 1

36. 8
14. 8
4. 7
5. 3

11. 8

97. 0
97. 6
99. 2
98. 3
99. 1
99. 1

100. 0
98. 9

9& 4
95. 1

100. 0
9& 2

100. 0
100. 0
100. 0
100. 0

90. 5
100. 0
94. 7
94. 4
93. 9
93. 3

100. 0
92. 9

82. 9
93. 1
97. 8
95. 2
95. 9
98. 5
98. 4
96. 5

91. 5
04. 1
97. 8
93. 1
97. 4
97. 3

100. 0
96. 9

63. 2
85. 2
95. 3
94. 7
88. 2

100. 0
100. 0
91. 7

97. 0
94. 7
93. 9
92. 3
91. 5
90. 7
90. 7
89. 7

98. 4
93. 6
93. 6
91. 9
91. 9
91. 9
91. 9
91. 9

90. 5
90. 5
85. 7
80. 9
76. 0
70. 9
70. 9
65. 9

82. 9
77. 2
75. 5
71. 9
69. 0
68. 0
66. 9
64. 6

91. 5
86. 1
84. 2
78. 4
76. 4
74. 3
74. 3
72. 0

63. 2
53. 8
51. 3
48. 6
42. 9
42. 9
42. 9
39. 3

3. 0
5. 3
6. 1
7. 7
8. 5
9. 3
9. 3

10. 3

1. 6
6. 5
6. 5
8. 2
& 2
8. 2
8. 2
8. 2

9. 5
9. 5

14. 3
19. 1
24. 0
29. 1
29. 1
34. 1

17.1
22. 8
24. 5
28. 1
31. 0
32. 0
33. 1
35. 4

8. 5
13. 9
15. 8
21. 6
23. 6
25. 7
25. 7
2& 0

36. 8
46. 2
48. 7
51. 4
57. 1
57. 1
57. 1
60. 7
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Figure 2. Probability of death for survey and nonsurvey cases, moderately advanced at time of
report, cumulated in successive 6-month intervals.
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These probabilities of deaths are also shown in
figures 1 to 3.
As shown- in table 4 and figure 1, the chance

of survey cases dying within the 4-year period
was .103, or about 1 out of 10, whereas the
chance of death in the nonsurvey group was

.354, or about 1 out of 3. A large proportion
of the deaths in the nonsurvey group occurred
in the first 6-month followup period, when 17
percent of the nonsurvey cases died compared
with only 3 percent of the survey cases. Even
in subsequent periods, however, a somewhat
higher deatlh rate prevailed in the nonsurvey

group.

Only part of the advantage survey cases ap-

parently had over nonsurvey cases was due to
the earlier stage of disease in which survey

cases were first reported. Cases reported as

moderately advanced slhowed probabilities of
deatlh within the 4-year period of .082 and .280
for survey and nonsurvey cases, respectively
(table 4 and fig. 2); for far advanced cases,

these probabilities were .341 and .607 (fig. 3).
For moderately advanced cases, deaths occur-

red in the nonsurvey group at a slightly de-
creasinig rate during the entire followup period;
in the survey group, no deaths were observed
after the second year. For far advanced
cases, lowever, after a hiigh initial mortality,
the nonsurvey group appeared to have about
the same mortality experience as the survey

group.

Hospitalization
The amount of hospitalization required by

tuberculosis cases is of considerable interest,
particularly as it relates to savings in hos-
pital care that might result from early dis-
covery. Of the 135 survey cases, 109 (81 per-
cent) were hospitalized during the 4-year fol-
lowup period; of the 134 nonsurvey cases, 113
(84 percent) were hospitalized. Ten percent
of the hospitalized survey cases were hospital-
ized more than once, whereas only 5 percent of
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Figure 3. Probability of death for survey and nonsurvey cases, far advanced at time of report,
cumulated in successive 6-month intervals.
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the hospitalized nonsurvey cases had more than
one lhospitalization.
In all, survey cases received a total of 2,088.6

months of hospitalization during the 4-year
followup - period; nonsurvey cases, 1,785.9
months. Thus, although about the same pro-

portion of both groups were hospitalized, sur-

vey cases had a tendency to be readmitted more

frequently than nonsurvey cases and to require
more total months of hospitalization.

Discussion

It has been shown that within a 4-year
period the probability of death among active
cases of tuberculosis discovered as the result
of usual case-finding methods greatly exceeds
the probability of death among comparable
cases discovered by communitywide X-ray
surveys.
In view of the significance of survey-

discovered tuberculosis as revealed by the re-

sults of bacteriological examination and by
the amount of hospitalization received, there
is good reason to believe that, if a survey had
niot been conducted, many of the survey-dis-
covered cases would have gone on to a more

symptomatic and more advanced stage, to be
finally discovered by some other case-finding
procedure.

Because the 4-year followup of survey cases

roughly covers the years 1948 to 1952, whereas
the 4-year followup period for nonsurvey cases

represents an earlier period-roughly, the
years 1947 to 1951-the survey cases probably
hlad some advantages in therapy not available
to the nonsurvey group. This may partly ac-
count for their more favorable mortality ex-
perience. However, this advantage could not
have accounted for a difference in mortality as
large as that observed.

It seems probable, then, that one of the real
values of tuberculosis case detection through
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chest X-ray surveys is a saving in lives as the
result of treatment early in the course of the
disease. This value is in addition, of course, to
the prevenition of spread of infection to others
that must have occurred as the result of the
discovery and isolation of infectious tubercu-
losis before it ordinarily would have been
brought to light.
The fact that cases of active tuberculosis dis-

covered by the Minneapolis communitywide
chest X-ray survey received about 17 percent
more hospitalization during the 4-year follow-
up period than did active cases discovered by
other means is important in planning for hos-
pitalization facilities in areas where intensive
case-finding efforts are to be carried out. Such
efforts probably do not reduce the amount of
hospitalization required for each case reported
but rather increase it.
The additional hospitalization given the

survey-discovered cases could all be accounted
for by the lower mortality in this group com-
pared witlh the mortality in the nonsurvey
group. This resulted in more cases being avail-
able at any given time for hospitalization. By
use of a life-table technique similar to that used
in table 4, it can be shown that, had the same
mortality and withdrawal rates prevailed in
the two groups of cases, the survey-discovered
cases would actually have received somewhat
less hospitalization than the nonsurvey cases.
From the foregoing it would appear that the

uniderlying assumption in the conduct of chest
X-ray programs-that tuberculosis cases bene-
fit by discovery through chest X-ray surveys-
is correct and that the chances of an unfavor-
able outcome for cases of tuberculosis are re-
duiced as the result of their discovery in these
programs. There is little doubt as to the im-
portance of aggressive case-finding efforts in
our attack on this disease.

Summary
1. In order to estimate the value of tubercu-

losis case discovery through chest X-ray sur-
veys, a group of active cases of pulmonary
tuberculosis discovered by a communitywide
chest X-ray survey conducted in Minneapolis,
Minn., in 1947 was compared with a group of
active pulmonary cases reported to the city
health department just prior to the survey.

2. The two groups of cases were found to be
similar in terms of age and sex and of bacterio-
logical significance. However, 37 percent of
the survey cases were discovered in the minimal
stage, compared with 22 percent of the nonsur-
vey cases. Conversely, only 16 percent of the
survey cases were in a far advanced stage, com-
pared with 33 percent of the nonsurvey cases.

3. Using a life-table method to study the sur-
vival of these two groups of cases over a 4-year
period, it was estimated that the chance of a
survey case dying within 4 years was 1 out of
10, whereas the chance of a nonsurvey case dying
was 1 out of 3.

4. It was concluded that the differences ob-
served in the outcome of tuberculosis in the two
groups of cases studied are to some extent a
reflection of the value of early case discovery
through intensive tuberculosis case-finding
efforts.
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